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Abstract. The research aims to observe the behavior of the acetic acid bacteria A. senegalensis during 
cider vinegar fermentation, respectively the cell population evolution and the acetate production 
ability in a cider medium. 
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Introduction. Studies have shown that the acetic acid bacteria A. senegalensis is a 
good thermo-tolerant bacterium that can lead to good vinegar production bought at laboratory 
and pilot plot scales (Nodye, B., 2006).Base on these facts a preliminary study was carried out 
in order to test the bacteria’s activity in different fermentation medium. 
Materials and methods. The acetic acid bacteria A. senegalensis was grown at 30°C 
on a solid medium containing yeast extract 5g/L; KH2PO4 1g/L; (NH4)2HPO4 1g/L; 
MgSO4*7H2O 1g/L; glucose 20g/L; agar 15g/L; bromocresol green 0.025g/L and ethanol 
99%, 50mL/L. After the optimal stage of growing was achieved the bacteria were inoculated 
directly into the cider solution. The cider used was provided by a local cider factory from the 
Wallon region of Belgium. The fermentation was carried out in a 500mL Erlenmeyer flask 
with baffles, containing 104mL fresh apple cider diluted with water until a ethanol 
concentration of 4.5 g/mL. The fermentation flask was covered with a tap of cotton wool, and 
kept under agitation on a shaker at 130rpm, at 30°C. During the fermentation process, 10mL 
samples were taken periodically under sterile conditions for analyzing biomass evolution, 
total acidity, sugars and acids concentrations. The biomass was observed by measuring the 
wet cells weight which was established by centrifugation, followed by pellet weight. The total 
cells number was determined by microscopic counting on a Bürker-Türk chamber. The 
concentrations of ethanol and acetic acid were determined by a HP Agilent1100 Series HPLC 
with RID, by injecting 20µL sample trough a column at 40°C, with the detector temperature 
of 35°C and a flow rate of 0.500mL/min. The identification and quantification was 
established based on calibration curves of standards. 
Results and Discussion. The optimum state of growth of the bacteria on the solid 
medium was achieved after 24h of incubation. The small scale fermentation of cider by the A. 
senegalensis bacteria shown a very good biomass growth, started after a period of 13h of 
bacteria accommodation to the medium and reaching the optimal stage of growth after 50h 
when the bacteria entered the stationary phase (Fig. 1.). The biomass concentration measured 
by WCW in function of the cultivation time is indicated in Fig. 1. The final product had a 
total cell number of 4.2E+09cells/mL and the WCW of 2.6E-02g/mL. The acetic acid 
concentration of the vinegar samples, followed at different periods of times, shown a good 
and relatively rapid increasing, due to the fermentation conditions: constant agitation and 
temperature, and to the well oxygen transfer assured by the baffles flask used (Fig. 3.). The 
relatively high levels of acetate production obtained under the above mentioned conditions 
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have proved to be similar to those obtained by Nodye, B., (2006) in a distilled vinegar 
fermentation. 
 
 
Fig. 1. Biomass concentration in g/mL WCW 
 
 
Fig. 2. Sugars and organic acids concentrations 
during fermentation process 
Fig. 3. Ethanol and acetic acid concentrations 
during fermentation process 
 
Acetic acid, known for its distinctive sour taste and pungent smell, is the main 
volatile compounds identified in all the samples, based on the acetic fermentation, and it was 
observed to have a concentration increasing inverse proportionally to the ethanol. 
Fructose and the dicarboxylic acid, succinic acid have shown a slightly increasing 
during the fermentation process, reaching between 2.331g/L - 2.805g/L and respectively 
0.165g/L – 0.487g/L. Propionic acid was identified after 16h of fermentation and reached a 
final concentration of 0.405g/L at the end of the fermentation. A significant growth was 
noticed for lactic acid whose concentration varied between 0.29g/L and 4.211g/L and 
reaching to 3.646g/L at the end of the process (Fig. 2. and 3.).  
Conclusion.  
The present study proves a good growth of the A. senegalensis bacteria during cider 
fermentation, at laboratory scale, challenging us to produce larger scale fermentations and to 
further search for compounds that are better carried on in pilot plate reactors. The HPLC 
analysis allowed the identification and quantification of the main sugars and organic acids 
formed during the process, which represent a particular interest for the present study 
regarding the vinegar evolution during its production and its authentication. The final cider 
vinegar obtain at laboratory scale had the following composition in sugars and organic acids: 
acetic acid 40.585g/L; ethanol 5.756g/L; lactic acid 3.646g/L; fructose 2.45g/L; propionic 
acid 0.405g/L and succinic acid 0.257g/L. 
 
REFERENCES 
 
1. Nodye, B., (2006). Potentialites microbiologiques, biochimiques et genetiques de stqrters 
lyophilizes de bacteries acetiques isolees a partir de produits tropicaux d’Afrique sub-Saharienne et 
destinees a la vinaigrerie, PhD thesis. 
2. Solieri, L. and P. Giudici (2009). Vinegars of the world. Italy: Springer-Verlag. 
